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ABSTRACT"
T891B5,-25,)8B"+14)+51*"M1+1,8"C);HB1*")8"2--+1-25,)8"28*"�+2C5^"*191/)40185"I>"Xylella fastidiosa PXfQ";1//B6""LM,B"B5H*>"N2B"

42+5,;H/2+/>"*,+1;51*"5)N2+*"1/H;,*25,8-"M)N"Xf";1//B"2--+1-251<"5)";2HB1"=,1+;1^B"*,B12B1"B>045)0B6""T5"N2B"BM)N8"5M25"$OOf"

-+241"U>/10"B24<"C)+"5M1"C,+B5"5,01<";)H/*"I1"+)H5,81/>"HB1*"5)";H/5H+1"Xf6""VH+5M1+0)+1<"5M1"I,)C,/0"C)+01*",8"B24"N2B"

B,-8,C,;285/>"*,CC1+185"5M28"I,)C,/0B"C)+01*",8"5M1"0)+1";)00)8/>"HB1*"8H5+,185"+,;M"=3%"01*,26"".**,5,)82//><"N1"N1+1"2I/1"

5)"9,BH2/,R1"HB,8-",00H8);>5);M10,;2/"244+)2;M1B<"5>41"T"28*"5>41"T_"4,/,"I>"/,-M5"0,;+)B;)4>6"

"

INTRODUCTION 

D)/)8,R25,)8")C"-+2419,81"U>/10"I>"Xylella fastidiosa PXfQ"*191/)4B")91+"28"

1U518*1*"41+,)*")C"5,01"I1C)+1"B>045)0B")C"=,1+;1^B"*,B12B1"2+1"+1;)-8,R1*6""

:H;M";)/)8,R25,)8<",8,5,2//>"2B",8*,9,*H2/";1//B<"5M18"2B"2--+1-251B")C"2"C1N"

;1//B<"28*"C,82//>"2B"91+>"/2+-1"0H/5,;1//H/2+"2--+1-251B<";)2/1B;1"5)"C+)0"2"

I,)C,/06""V+)0"2"*,B12B1"B528*4),85"BH;M"2--+1-251B"28*"I,)C,/0B"2+1"

,04)+5285"C)+"B191+2/"+12B)8B<",8;/H*,8-"4)BB,I/1"*,+1;5"I/);F2-1")C"B24"C/)N"

5M+)H-M"U>/10"91BB1/B")+",8*,+1;5"I/);F2-1"5M+)H-M",8,5,25,)8")C"5>/)B1"

C)+025,)86""D1//"2--+1-251B"02>"2/B)"C2;,/,5251"425M)-18"B4+12*"C+)0"91BB1/"

1/10185"5)"91BB1/"1/10185"9,2"18R>01"*,-1B51*"4,5"010I+281B"PJ1N028"15"

2/6<"%OO\Q"�",8*,9,*H2/";1//B"/,F1/>"/2;F"BHCC,;,185"�18R>025,;"4)N1+^"5)"

I+12;M"4,5"010I+281B<"IH5"2";)042;5"2--+1-251")C";1//B"N)H/*"I1"0H;M"

0)+1"1CC1;5,91",8"5M,B"+1-2+*6""VH+5M1+0)+1<"18R>01"4+)*H;5,)8"02>"8)5"I1"

1U4+1BB1*",8",8*,9,*H2/";1//B<"IH5"I1"+1-H/251*",8"2--+1-251B"2BB);,251*"N,5M"

XH)+H0"B18B,8-6""V+)0"5M1"B528*4),85")C"5M1"425M)-18<";1//"2--+1-251B"28*"

I,)C,/0B"/,F1/>"C2;,/,5251"8H5+,185"2*B)+45,)8<"4+)51;5,)8"C+)0"189,+)801852/"

B5+1BB1B<"28*"4M>5);M10,;2/B6"

"

.B;1+52,8,8-"M)N"Xf ,8M2I,5B"5M1"U>/10"189,+)80185"28*"M)N",5"I/);FB"5M1"

5+28B4,+25,)8"B5+120"5M+)H-M"5M1"4+)*H;5,)8")C"I,)C,/0B"28*"I2;51+,2/";1//"

02BB1B",B"*1101*",8C)+025,91"5)N2+*"C2;,/,525,8-"*191/)40185")C"8)91/"

;)85+)/"244+)2;M1B6""VH+5M1+0)+1<",8B,-M5",85)"5M1"B1/1;5,91"2;XH,B,5,)8<"

+15185,)8<"28*"5+28B0,BB,)8")C"Xf"I>"/12CM)441+"91;5)+B"+14+1B185B"2"4+,)+,5>"

2+12")C",851+1B56""72+/,1+<"N1"*10)8B5+251*"B191+2/"H8,XH1"28*",04)+5285"

C125H+1B")C"Xf"I,)/)->"8)5"4+19,)HB/>"+1;)-8,R1*<",8;/H*,8-"5M1")IB1+925,)8"

5M25"5M1"I2;51+,2"4)BB1B"CH8;5,)82/"5>41"T_"4,/,"5M25"2//)N"5M1";1//B"5)"0,-+251"

9,2"5N,5;M,8-"0)5,/,5>"H4B5+120"2-2,8B5"5M1"5+28B4,+25,)82/"C/)N",8"-+241"

U>/10"1/10185B"PM554'kkNNN68>B21B6;)+81//61*Hk44kC2;H/5>kM);Mk0)9,1Bkv"

@18-"15"2/6<"%OOev"Figure 1Q<"5M25"5M1>"4)BB1BB"5>41"T"4,/,"5M25"CH8;5,)8",8"

2*M1+,8-"5M1";1//B"5)"U>/10"P31"d2"VH1851"15"2/6<"%OOW2v"%OOWIv"d,"15"2/6<"

%OOWQ<"28*"0)+1"+1;185/>"5M25<"25"B)01"2B">15"H8*1C,81*"5,01")+";)8*,5,)8<"

,8*,9,*H2/"I2;51+,2"5M25"2+1"B142+251*"I>"+1/25,91/>"-+125"*,B528;1B"
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Figure 2."".--+1-25,)8")C"Xf"SL";1//B")8"=3%"

01*,H0"28*",8"2"eO'eO"0,U5H+1")C"-+241"

PDM2+*)882>Q"B24"28*"=3%"2C51+"W!#"*2>B")C"

-+)N5M6"

�2H5)2--+1-251^",85)"/2+-1"02BB1B"P31"d2"VH1851"15"2/6<"%OO#Q6""T8")H+"in vitro"B5H*,1B<"5M,B");;H++1*"2C51+"B,U")+"0)+1"*2>B")C"

-+)N5M"P,8,5,251*"C+)0")8/>"2"C1N";1//BQ",8"=3%"01*,26"".B,*1"C+)0"2"B/)N"4)4H/25,)8"IH,/*"H4")C";1//B",8"U>/10"91BB1/B"25")+"

812+"B,51B")C"B24"C/)N";)8B5+,;5,)8B"P4,5B<"1/10185"18*!N2//")418,8-BQ"NM,;M"N1";)8B,*1+";1//"2--+1-251B<",5",B"4)BB,I/1"5M25"

028>",8*,9,*H2/";1//B"8)+02//>"*,B5+,IH51*"5M+)H-M)H5"U>/10"1/10185B"2+1"2I/1"5)"XH,;F/>"2H5)2--+1-251",85)"/2+-1";1//"

02BB1B";)85+,IH5,8-"5)"91BB1/"I/);F2-16""LM,B"4M18)018)8"02>"1U4/2,8<",8"42+5<"NM>"=,1+;1^B"*,B12B1"B>045)0"*191/)40185"

P+1**18,8-"28*"*+>,8-")C"/12C"02+-,8BQ");;2B,)82//>");;H+B"N,5M,8"2"BM)+5"5,01"B4286"

"

OBJECTIVE 

A8*1+B528*,8-"5M1"+1/25,)8BM,4")C"Xf";1//B"N,5M,8"5M1";)8C,81B")C"5M1"U>/10"189,+)80185",B")H+"/)8-"51+0"-)2/6""L)"5M25"18*<"

5M,B"4+)[1;5";1851+B")8"5M1"*191/)40185"28*",04)+528;1")C"I2;51+,2/";1//"2--+1-251B"28*"I,)C,/0B<"28*"5M1,+",89)/910185",8"

1U4+1BB,)8")C"=,1+;1^B"*,B12B16""S1"4+19,)HB/>"+14)+51*"5M25"Xf ;1//B"�2H5)2--+1-251^"2B"5M1";1//"4)4H/25,)8"025H+1B",8"=3%"

01*,2"N,5M,8"0,;+)C/H,*,;"*19,;1B"P31"d2"VH1851"15"2/6<"%OO#Q6""LM25")IB1+925,)8"M2B"/1*"HB"5)"1U20,81"5M1"I,)/)-,;2/"28*"

-1815,;"01;M28,B0"2BB);,251*"N,5M"5M,B"4M18)018)8"I>"-181+25,8-"2--+1-25,)8"28*"2H5)2--+1-25,)8!*1C1;5,91"0H5285B6""

:H;M"0H5285B"N1+1"1U20,81*"C)+"5M1,+"2;5,9,5,1B"N,5M,8"0,;+)C2I+,;251*"�2+5,C,;,2/^"U>/10"91BB1/B"PNM,;M"4+)9,*1"BH41+,)+"

)IB1+925,)8")44)+5H8,5,1BQ"2B"N1//"2B",8"bona fide"U>/10"91BB1/B<"C)+"*,B12B1"*191/)40185<"28*"C)+"91;5)+"5+28B0,BB,)86""@)+1"

+1;185/>"N1"M291"*,+1;51*")H+"255185,)8"5)N2+*"B,0,/2+"2--+1-25,)8"4M18)0182"28*"I,)C,/0"*191/)40185",8"5M1B1"2+5,C,;,2/"

U>/10"91BB1/B"HB,8-"-+241"U>/10"B24",8"2**,5,)8"5)"5M1"8H5+,185"+,;M"=3%"01*,H06"

"

:41;,C,;")I[1;5,91B"2+1"5)'"

$6" T*185,C>"-181B"2BB);,251*"N,5M"2--+1-25,)8"28*"2H5)2--+1-25,)8")C"Xf";1//B6"

%6" .BB1BB"B425,2//>"28*"5104)+2//>"2--+1-25,)8"28*"2H5)2--+1-25,)8"2;5,9,5,1B"2B"5M1>");;H+",8"4/2852"28*",8"0,;+)C/H,*,;"

�2+5,C,;,2/^"U>/10"91BB1/B6"

&6" .BB1BB"B1/1;51*"2--+1-25,)8"28*"2H5)2--+1-25,)8!*1C1;5,91"0H5285B",8"4/2852"C)+"*,B12B1"*191/)40185"28*"0)910185"

N,5M,8"5M1"4/2856"

\6" .BB1BB"2--+1-25,)8"0H5285B"-181+251*",8"5M1"C,+B5")I[1;5,91<"28*"+1/251*"2552;M0185"0H5285B"2/+12*>",8"M28*<"C)+"

2;XH,B,5,)8<"+15185,)8<"28*"5+28B0,BB,)8"I>"BM2+4BM))51+"91;5)+B6"

"

S1"+14)+51*"4+19,)HB/>"028>"2B41;5B")C"5M1"+1BH/5B")C")H+"B5H*,1B"5)N2+*"5M1B1")I[1;5,91B"P,8"%OOe<"%OOh<"%OOW"=,1+;1^B"

3,B12B1"(1B12+;M":>04)B,H0"=+);11*,8-B<"2B"N1//"2B",8"B191+2/"4HI/,;25,)8B�31"d2"VH1851"15"2/6<"%OOW2v"%OOWIv"%OO#Q6""

LM,B"+14)+5"BH002+,R1B")H+"0)B5"+1;185")IB1+925,)8B"41+52,8,8-"5)"2B41;5B")C"5M1")I[1;5,91B"NM,;M"+102,81*"5)"I1"

,891B5,-251*<"2B"N1//"2B"+14)+5,8-";),8;,*1852/")IB1+925,)8B"02*1"*H+,8-"5M1";)H+B1")C")H+"B5H*,1B6"

"

RESULTS 

Mutants, aggregation, rafts6""JH01+)HB"Xf"0H5285B<",8;/H*,8-"pilB<"pilO<"fimA<"pilY1<"hecA<"xadA<"*)HI/1"0H5285B"fimA!

pilO<"15;<"N1+1"-181+251*"28*"B;+1181*"C)+"*1C,;,18;,1B",8"5M1"2I,/,5>"5)"C)+0";1//"2--+1-251B"NM18"BHB418*1*",8"2"C/H,*"

189,+)801856""LMHB"C2+<")8/>"5M1"xadA"0H5285"C+)0"d,8*)N^B"-+)H4"1UM,I,51*"BH;M"2"*1C,;,18;>v"2//")5M1+"0H5285B"C)+01*"

2--+1-251B6""VH+5M1+0)+1<"0H5285B"*1C,;,185",8"1,5M1+"5>41"T")+"5>41"T_"4,/,<")+"I)5M"P16-6<"fimA!pilOQ<"2--+1-251*"C+)0";1//"

BHB418B,)8B6""LM,B",8*,;251B"5M25";1//"2--+1-25,)8",B"8)5"185,+1/>"*1418*185"H4)8"4,/HB!+1/251*"2*M1B,8B<"IH5"0)+1"/,F1/>")8";1//"

BH+C2;1"2*M1B,8B6""T8"2**,5,)8<"+2C5"C)+025,)8"in vitro")8"C,+0"BH+C2;1B"P2-2+<";1//)4M281<"15;6Q<"2"4M18)018)8"N1"+1/251"5)"

2--+1-25,)8",8"/,XH,*"189,+)80185B"PU>/10"B24<"=3%<"15;6Q");;H++1*",8"fimA"0H5285B<",8*,;25,8-"5M25"5>41"T"4,/,"N1+1"8)5"

81;1BB2+>"C)+"5M,B"4M18)5>41"28*"5M25"5M1"B)/1"4+1B18;1")C"5>41"T_"4,/,"N2B"BHCC,;,185"C)+"+2C5B"5)"C)+06""(2C5B"*)"8)5"C)+0",8"

0H5285B"*1C,;,185"C)+"5>41"T_"4,/,<"16-6<"pilB<"I1;2HB1"5M1>";288)5"5N,5;M!0,-+251"P@18-"15"2/6<"%OOeQ6""LM1"B,*1!5)!B,*1"

2++28-10185")C"Xf";1//B",8"+2C5B",B"/,F1/>"+1/,285"H4)8";1//"BH+C2;1"2*M1B,8B<",8"2**,5,)8"5)"5M1"4+1B18;1")C"5>41"T_"4,/,"PC)+"

0)910185"28*"2/,-80185Q6""S1"N1+1"8)5"2I/1"5)"+1/251"5M1"BH+C2;1"

2*M1B,8")C"xadA"5)"+2C5"*191/)40185"B,8;1"5M,B"0H5285"N2B"1,5M1+"

*191/)41*"C+)0"2"5N,5;M!*1C,;,185"42+185")+"5M,B";M2+2;51+,B5,;"N2B"/)B5",8"

5)";)H+B1")C"5M1"0H525,)86""ZH+"81U5"-)2/"N,//"I1"5)"B,51"*,+1;5"2"xadA"

0H525,)8",85)"28"1U,B5,8-"fimA"0H5285"5)"51B5"5M,B"4)BB,I,/,5>6"

"

Xf aggregation and biofilm development in PD2 and xylem sap.""
A85,/"8)N"2//")H+"B5H*,1B"N,5M";1//"0)5,/,5><"2--+1-25,)8"28*"I,)C,/0"

*191/)40185"N1+1",8"=3%"I+)5M�,8"I)5M"0,;+)C/H,*,;"*19,;1B"28*",8"

;H/5H+1"C/2BFB"P@18-"15"2/6<"%OOev"31"d2"VH1851"15"2/6<"%OO#Q6""LM,B"N2B"

I1;2HB1"N1"N1+1"8)5"2I/1"5)";H/5H+1"Xf",8"-+241"U>/10"B24<"1918"5M)H-M"

5M25",B"NM1+1"5M1")+-28,B0"/,91B in planta6""7,5M1+";)//1;51*"B24"N2B"

)U,*,R1*"28*"I1;201",8M)B4,52I/1"5)"Xf<")+"4)BB,I/>"Xf"/)B5",5B"2I,/,5>"5)"

-+)N",8"B24"2C51+"I1,8-";)85,8H2//>";H/5H+1*",8"2"8H5+,185"+,;M"01*,2"BH;M"

2B"=3%6""S1"N1+1"2I/1"5)"-+)N"Xf",8"BH001+"-+241"U>/10"B24"

PDM2+*)882><"4+)9,*1*"I>"])8-"d,8<"A:3.<"=2+/,1+<"D.Q"C)//)N,8-",8,5,2/"-+)N5M",8"=3%<"28*"-+2*H2//>",8;+12B,8-"5M1"

41+;1852-1")C"B24")91+"B191+2/"*2>B6"":HIB1XH185/><"N1"HB1*"B4+,8-"B24")I52,81*"C+)0"DM2+*)882>"2B"N1//"2B"C+)0"Vitis 

riparia"28*"Vitis labrusca"-+241B"-+)N8",8"a18192<"Ju"28*"8)51*"8)"*,CC1+18;1",8"Xf"-+)N5M6""Xf"-+)N8",8"B,*1!I>!B,*1"

0,;+)C/H,*,;";M2881/B<")81"N,5M"=3%"28*")81"N,5M"2"0,U5H+1")C"eO'eO"P=3%'DM2+*)882>"B24Q"1UM,I,51*"*,CC1+185"-+)N5M"
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Figure 4.""E,)C,/0"C)+025,)8"28*"

-+)N5M")C"Xf",8"0,U5H+1B")C"=3%"28*"

-+241"U>/10"B246""Xf"I,)C,/0B"N1+1"

0)B5"+)IHB5"28*"-+1251B5",8"#O!YOf"

B24"C)//)N,8-"W"*2>B"-+)N5M"PH441+Q6""

:,0,/2+/><"-+)N5M")C"Xf"N2B"-+1251B5",8"

B24'=3%"0,U5H+1B"P/)N1+Q6"

"
Figure 36"":1XH185,2/"*191/)40185")C"SL"Xf"

I,)C,/0")91+"h"*2>B",8"2"0,U5H+1")C"$O'YO"

=3%'DM2+*)882>"B24",8"0,;+)C/H,*,;";M2881/B6"

M2I,5Bv"-+)N8",8"=3%<"Xf"*191/)41*";1//"2--+1-251B"I>"B1918"*2>B"2B"

)IB1+91*"4+19,)HB/>"P31"d2"VH1851"15"2/6<"%OO#Q<"NM,/1",8"5M1"

=3%'B24"0,U5H+1"Xf"-+)N5M");;H++1*"2B"2"�/2N8^")C";1//B"PI,)C,/0Q"

PFigure"2Q6""E1B5"-+)N5M");;H++1*",8"0,U5H+1B")C"%O'#O"P=3%'B24Q<"

2/5M)H-M";)85,8H2/"-+)N5M"28*"I,)C,/0"C)+025,)8"2/B)");;H++1*",8"

YO"28*"$OOf"B24",8"0,;+)C/H,*,;"*19,;1B"PFigure 3Q6""./B)<"NM,/1"

8)5"XH285,525,91/>"2BB1BB1*<",5"24412+1*"5M25"Xf";1//"5>41"T_"4,/,"
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